The Gulf region, including the United Arab Emirates (UAE), has been experiencing warming trends since late 1980s. This study investigates non-stationary behaviour of the long-term mean monthly temperature series of the UAE by time series analysis. The last three decades are distinctly characterised with definite rising trends in the temperatures in majority of the stations, with exception of the Al Ain station which indicated cooling temperature trends. Cumulative warming varied between 0.3 and 2.8°C, with more warming observed in the coastal stations. Marked shifts in the mean temperatures were observed especially in the Abu Dhabi, Al Ain, Sharjah, Dubai, and Ras'al Khaima stations at 6-10 year time periods. The time series analysis of the temperature series, in general, indicated non-randomness, implying periodicity with sinusoidal component. The periodograms were characterised 12-month periodicity (varying seasonally) with the monthly series and 4-16 years of periodicity with the annual series. The peak frequencies of the monthly series corresponded to a seasonal periodical component. The 16-year cycles are more pronounced in the stations with short duration data while the smaller cycles are peculiar to the longer durations.
Introduction
Temperature is one of the most commonly used indicators of global climate change and is subject to many scientific analysis and studies to understand variations in our climate better. Globally averaged surface temperatures have increased since the late 19th century despite some cooling periods, providing compelling evidence to climate scientists about global warming. The mean global surface temperature (MGST), averaged over all land and ocean surfaces, increased roughly 0.85°C from 1880 to 2012, according to the Intergovernmental Panel on Climate Change (IPCC, 2013c) . The most distinct rise in the global mean temperatures occurred between 1975 and 2010, when temperature rose steadily by over 0.5°C (Hansen et al., 2010) . The decade of the 2000s has been the warmest since 1860, the period for which instrumental records are available. The globally averaged combined land and ocean surface temperature data as calculated by a linear trend, show a warming of 0.85°C, over the period 1880-2012 and about 0.72°C over the period 1951 -2012 (IPCC, 2013b . A recent statement made by NASA's Goddard Institute for Space Studies (GISS) highlighted that the globe continues to experience temperatures warmer in 2013 (NASA-GISS, 2014) . The average temperature in 2013 was 14.6°C, which is 0.6°C warmer than the mid-20th century baseline. A recently released WMO Provisional Statement on Status of the Climate in 2013 supports the same argument and notes that the January-September 2013 global temperature was 0.80°C across the land surfaces, above the 1961-1990 average and close to the 2001-2010 average (World Meteorological Organization, 2014) .
Trends in the global temperatures are reflected in regional temperatures as well. Studies found that the Middle East region experienced an uneven increase in surface air temperature ranging from 0.2 to 2.0°C that occurred from 1970 to 2004 (IPCC, 2007a . During the 21st century, global warming is projected to continue and climate changes are likely to intensify (IPCC, 2013b) . Climate model projections accentuate 1.1 to 5.5°C increases in global mean temperatures by 2100 as depending on future emissions of greenhouse gases and how the climate responds (IPCC, 2007b) . The IPCC climate simulations indicated that temperatures in the Arabian Peninsula region could increase between 1°C and 2°C by the 2030-2050 time period (Alkolibi, 2002; Abdullah and Al-Mazroui, 1998) . The projected increase in the mean temperatures is more pronounced in central parts of the Arabian Peninsula and Western Asia, reaching 4-5°C in summer months by the end of the century. The projections made under the Representative Concentration Pathway (RCP4.5) scenarios indicated a 1-1.5°C increase in the December-February mean temperatures by the mid century in the United Arab Emirates (UAE), while the figures are expected to reach 3°C toward the end of the century (IPCC, 2013a) . The same scenarios project less increase in the summer temperatures for the same periods. These projected changes imply that average annual temperatures in the UAE could reach as high as 30°C by 2100, which indicates nearly a 3°C increase as compared to the average annual temperature over the 1961-1990 period, which was 27°C. If temperatures in the region continue to increase as projected, pressure would be intensified on the environment and society making the region more vulnerable to the degrading effects and risks of climate change (Madany, 2008) . Simulations conducted using the HAD295 and HAD300 GCMs provided future climatic projections at better resolution for the UAE based on different IPCC A1 scenarios. They indicated increases in the mean temperatures on order of 2.3-2.4°C and 3.8-3.9°C in the central parts of the country by 2050 and 2100 respectively.
In this study, the long-term monthly mean temperature data of the UAE were subjected to time series analysis with aim of investigating underlying trends and other type of non-stationary behaviour. Motivation behind this study is two-fold. First is to explore if the long-term mean temperatures indicate any significant non-stationary behaviour or not. The question we seek to answer is if the temperature variations indicate trend, cyclic or periodic components. Secondly, it is aimed to determine if the changes in the temperature data reveal any indication of climate change and present similarities to the global temperature trends or not.
Study area, climate, and data

Study area and topographic features
The study area is the UAE and includes data from six international airport stations across the country, namely Abu Dhabi, Dubai, Al Ain, Sharjah, Fujairah and Ras'al Khaima. The stations selected have the longest period of meteorological data in the country. The UAE is situated in the southeastern corner of the Arabian Peninsula, bordering the Sultanate of Oman and Arabian Sea to the east and Saudi Arabia to the south (Figure 1 ). The country is also bordered to the north by the Arabian Gulf and has a short border with Qatar on the northwest. Three major physiographic areas, namely coastal, mountainous, and desert, can be identified based on orography and terrain features. The majority of the land area of the country is classified as sandy desert, especially in the western parts of the country. The desert zone ranges in altitude from sea-level up to 300 metres, and much of the desert zone is characterised by sandy dunes which rise gradually from the coastal plain. The mountain zone extends in N-S direction for about 150 km parallel to the east coast with east-west extent of 50 km. The mountain zone forms the northern part of the Oman Mountains with peaks up to 1,500 metres in height. The mountains are dissected by several networks of valleys (wadis). A thin low coastal plain separates gently sloping plain formed by a number of alluvial fans (Bahada) from the Gulf of Oman in the east of the mountain zone. Numerous offshore islands, salt marshes, and coral reefs exist along the Arabian Gulf coast. The country has limited arable land which constitutes around only 6.5% of the UAE's total land surface (Ministry of Energy, 2006) . Most of the cultivated land lies in a strip along the east coast, Al Ain, and the gravel plains in Ras'al Khaimah.
The terrain conditions along with extreme heat and humidity may occasionally hinder operational meteorological activities in the country. Operation of remote stations in interior desert areas can be even more difficult considering the lack of human resources, energy, and maintenance. The National Centre for Seismology and Meteorology (NCMS) made considerable progress in establishing an efficient network of stations to meet the needs of various users in the country in recent years. It operates more than 60 stations across the country and provides meteorological and marine data for various needs. 
Climate
In general, the climate of the UAE is classified as 'tropical semi-desert and desert climate' in the east, and semi-desert and desert climates' in the west. According to the Koppen Climate Classification, the climate of the UAE is classified as BWh, desert climate which is characterised by very low precipitation, high potential evapo-transpiration, and an annual mean temperature above 18°C. There are however noticeable local variations in climate within the country as a result of different terrain and physiographic conditions, which consist of coastal regions, interior deserts, and mountainous areas in the east. The geographical location of the country with respect to the Arabian Gulf and the Arabian Sea plays an important role in local variations in the climate of the country (Boer, 1997) . Two main seasons characterise the UAE's climate. Winter lasts from November through March, a period when temperatures rarely drop below 6°C. Summers are very dry, stretching from April through the month of September, with temperatures rising to about 48°C in coastal cities with accompanying humidity levels reaching as high as 90%. In the southern desert regions, temperatures can climb to 50°C. Annual mean monthly temperatures in the country vary between 19°C (January) and 36°C (August).
The UAE is located in a zone which is semi-permanently dominated by subtropical high pressure cells, therefore stable and dry weather conditions dominate due to the subsiding air throughout most parts of the year (Al Mandoos, 2005) . Other main controlling factors of the climatic conditions of the UAE are semi-permanent troughs of low pressure over the Arabian Gulf region and land-sea distribution. The country is affected by land-sea breeze circulation from both the western and eastern sides. The Oman Mountains also have an influence on these local wind patterns. The temperature and humidity conditions that develop as a result of those factors are reflected in three major climatic zones; the coastal zone along the Arabian Gulf and the Gulf of Oman, the mountainous area to the east, and the central and southern sand desert areas.
Rainfall occurs almost exclusively from west-east with crossing frontal systems in winter and tropical monsoon systems in summer. The mountain range that extends north-south in the east of the country plays an important role in the distribution of rainfall over the region. Annual rainfall over the country can reach as much as 110 mm and decreases from north to south. Two-thirds of the annual rainfall is received during the winter period between December and March, with February and March are the rainiest months of the year.
Data
Temperature data used in this study includes monthly mean temperatures of the six international airport stations, namely Abu Dhabi, Dubai, Al Ain, Sharjah, Fujairah and Ras'al Khaima. The stations are automated weather stations (AWOS) and operated by the National Centre for Meteorology and Seismology (NCMS) of the UAE. The stations were set up initially to provide meteorological services for aviation operations, which included 24-hour continual weather watch, observational reports (METAR), specialised aviation reports as requested by clients at the aerodrome (visibility and inversion forecasts), local area forecasts (LAF), terminal aerodrome forecasts (TAF) and surface/upper air climate data. Sensors at the stations measure air temperature, dew point temperature, mean sea level pressure, relative humidity, wind direction, wind speed, precipitation, and solar radiation. Some of the stations also measured soil temperature and soil moisture at four depths. For this study, hourly surface temperature observations were imported electronically from the NCMS and were checked for quality control and processed by a climate database system (CLDM). Analysis of the data were supported by metadata and statistical tools embedded in the CLDB. The data period covered years from 1983 up to 2012, a period of most reliable data. Main statistical characters of the data and station information are presented in Table 1 and Table 2 .
Before the analysis, the temperature series were subjected to homogeneity testing (Table 3) . For this purpose, a standard normal homogeneity test (SNHT) is used. The SNHT is applied for detecting abrupt homogeneity breaks in the temperature series (Alexandersson, 1986; Alexandersson and Moberg, 1997) . The test is more sensitive to breaks near the beginning and the end of a series (Martinez et al., 2009) . Station relocations, changes in observing schedules and practices, changes in instrument exposure, or abrupt changes in the immediate environment can cause such unrepresentative shifts in the data. The SNHT assumes a null hypothesis (H o ) which indicates that data are homogeneous in comparison with the alternative hypothesis H a , which states that there is a date at which there is a change in the data. Under the alternative hypothesis it assumes that a step-wise shift (a break) in the mean is present.
The test results indicate that the long-term mean temperature series of the civilian airport stations are homogenous and not characterised with significant shifts in their mean values due to a change in surrounding conditions of the stations or relocations.
Methodology and analysis
A number of statistical methods are used to analyse climate data for climate change and climate variability purposes. In this study, we followed a number of time series analysis approaches from simple to more complex. A simple approach would be fitting trends into the data. In our case we used linear trend approach. Secondly, we calculated anomalies (departures from normal) to see how the mean temperatures vary around the long-term averages. Third, averages for specified periods of the temperature data were calculated at each station. The data series were divided into three periods at varying lengths from 7 to 12 years to identify shifts in the period averages. The temperature series were also subjected to trend analysis using the Mann-Kendall trend test to determine if they reveal significant trends. In the last part of the analysis, the temperature series were tested for non-random behaviour, especially for periodic and cyclic components by spectral analysis methods including autocorrelation and periodogram. Details of the methods can be found in the later sections of the study.
Analysis of the long-term mean temperature series
This part of the study investigates long-term temperature data of the UAE with respect to variations and the presence of trends. Initially, an eyeball examination of the series was performed to detect possible changes in the series and compare with global temperature trends. Next, the mean, maximum and minimum temperature series were fitted linear trends to visualise the change in the data series. Then, a trend analysis is applied to the series to determine the significance of the changes in the temperature.
Annual mean temperature trends
At first stage of the analysis, annual mean temperatures of the civilian airport stations were analysed to explore general trends in the series. The first graph (Figure 2 ) presents annual mean temperatures from 1975 to 2012. Two distinct periods are identified in the series. First is the period from 1975 to 1990 when the annual mean temperatures did not indicate any significant trends but rather are characterised by yearly fluctuations. The period after the 1990s is distinctly marked with increasing trends in the temperatures in all the stations. In the second graph, anomalies of the annual mean temperature series were plotted against the global mean temperature anomalies for the same period (Figure 3) . It is obvious that the UAE temperature anomalies are in good agreement with the global anomalies after 1997 when the global warming was felt more severely. As the global mean temperature anomalies began to indicate positive values after 1970s, the temperature anomalies in the UAE also experienced the same effect after mid 1990s. One of the main reasons for this difference could be due to a lack of long-term data for the UAE and might also be associated with the country's development which peaked after 1990s. In other words, partially urbanisation factor might be partially responsible for the warming observed after the 1990s. As indicated earlier, the warmest period in the temperature series in the UAE was observed after the mid 1990s. While the temperatures varied around their long-term means until the mid 1990s. Afterwards, the temperatures deviated remarkably from their long-term means. The decadal rate of warming for the airport stations varied between 0.1°C in Fujairah to 0.8°C in Abu Dhabi between 1997 and 2012 ( The warming trends in the mean temperatures were marked significantly in summer of 2012. Above normal temperatures were recorded in major airport stations across the country during the May-September 2012 period (Table 5) . 
Monthly mean temperature trends
As a next step of the analysis, linear trends were fitted to the mean temperature series. Initial findings revealed that all the stations indicated increasing trends in the monthly mean temperatures at varying degrees, except the Al Ain station which indicated cooling temperature trends (Figure 4) . A brief assessment however was made to determine possible meteorological causes of the cooling trends. For this purpose, changes in circulation patterns and wind patterns were studied briefly and it was found that there was increase in the intensity of the NW'ly wind components which normally dominate during winter months. Similarly, the easterly wind which is normally prevalent during the summer and pre-winter seasons became more intense during the last three decades in the eastern UAE. Moreover, Al-Ain and its surrounding area have experienced significant change in the land-use through forestation and landscaping projects during the same period. It is likely that the land-use changes involving introduction of more green surface and vegetation cover had some impacts on microclimatological conditions of the area in relation to heat exchange between surface and atmosphere. It is our view that they all contributed to cooling trends in the monthly mean temperatures of Al Ain. Nevertheless, the both arguments need further study to demonstrate their impact on the temperatures. 
Analysis of the monthly mean temperature anomalies
Anomalies of the monthly mean temperatures were plotted for the each station to better identify the warming and cooling periods in the temperature series ( Figure 5 ). The warming trend after the mid 1990s is obvious in Abu Dhabi, Dubai, Ras'al Khaima and Sharjah stations. On the other hand, with the exception of the cooling observed in the late 1990s, the temperatures usually varied around their normal values both at Al Ain and Fujairah It is also noticed that the year 2011 was slightly above the long-term averages for both stations.
Mann-Kendall trend test for the temperature series
The Mann-Kendall trend test is applied to the mean temperature series to determine if the detected linear trends were statistically significant. The Mann-Kendall test is a non-parametric test for identifying trends in time series data (Von Storch and Zwiers, 1999; Sneyers, 1990) . It is widely used for the analysis of trends in climatologic and in hydrologic time series due to its advantages (Onoz and Bayazit, 2003; Mavromatis and Stathis, 2011; Partal and Kahya, 2006) . First, it is a non-parametric test and does not require the data to be normally distributed. Secondly, the test has low sensitivity to abrupt breaks due to inhomogeneous time series. According to this test, the null hypothesis H o assumes that there is no trend and this is tested against the alternative hypothesis H 1 , which assumes that there is a trend. If no trend is detected, the data is assumed to be independent and randomly ordered. The test statistic Z s is a measure of significance of the trend or to test the null hypothesis, H o . If | Z s | is greater than Zα/2, where α represents the chosen significance level (5% with Z 0.025 = 1.96), then the null hypothesis is invalidated, implying that the trend is significant. The results of the Mann-Kendall trend test demonstrate that with the exception of the Al Ain and Fujairah stations, the increasing trends in the mean temperatures are statistically significant (Table 6 ). 
Correlation analysis
The long term mean temperatures of the civilian airport stations were correlated temporally with the global mean temperatures based on Pearson correlation coefficient. In general, the global mean temperature anomalies indicated low correlations with the temperature series of the civilian airport stations (Table 7) . Among them, the monthly mean temperatures of Dubai and Sharjah stations indicated the highest correlations with the global mean temperatures. A plot of global mean temperature vs. temperature series of the civilian airport stations indicate that the temporal trends differed until the mid 1990s, but they exhibited some similarities in the last two decades when the positive temperature anomalies were observed with the series of the civilian airport stations. 
Analysis of the period averages of the temperature series
The temperatures series were divided into three periods to explore significant changes and trends in average values of the consecutive periods (Figure 7) . In this way, it is possible to explore trends in shorter period as sometimes analysing the whole period may give incorrect information about the trends in the data. The analysis of the individual period indicates that there is a marked increase in the mean temperatures especially for the Abu Dhabi, Sharjah, Dubai and Ras'al Khaima stations. On the other hand, the Fujairah station presented more dynamic behaviour in its mean temperatures (Table 8 ).
The Al Ain station experienced a sharp decrease in the second period and kept its value in the last decade as well. 1975-1987 1988-1999 2000-2012 26.8 27.3 28.6
Ras'al Khaima 1977 Khaima -1988 Khaima 1989 Khaima -2000 Khaima 2001 Khaima -2012 27.2 27.5 28.4 1977-1988 1989-2000 2001-2012 26.4 26.6 27.7
Time series analysis of the temperature series
The monthly mean temperature series were subjected to time series analysis, which included autocorrelation and spectral analysis, to determine non-random components such as, trend, cycle, and periodicity in the series.
Autocorrelation analysis
In statistical terms, autocorrelation of a random process describes the correlation between values of the process at different times as a function of the two times or of the time lag (Box and Jenkins, 1976; Von Storch and Zwiers, 1999) . It is normally assumed that datasets subjected to time series analysis are stationary. A stationary process is characterised by no change in the mean, variance, and autocorrelation structure over time.
In time series analysis, a correlogram, also known as an autocorrelation plot, is a plot of the sample autocorrelations of the time lags and a commonly used tool for checking randomness in a dataset. This randomness is ascertained by computing autocorrelations for data values at varying time lags. When computed, the resulting number can range from +1 to -1. Such autocorrelations should be near zero for any and all time-lag separations if randomness is detected. If the dataset is non-random, then one or more of the autocorrelations will be significantly non-zero. Given measurements, Y 1 , Y 2 ,...,Y N at time X 1 , X 2 ,...,X N , the lag k autocorrelation function is defined as:
Although the time variable, X, is not used in the formula for autocorrelation, the assumption is that the observations are equi-spaced. As it is clear in the equation above, autocorrelation is simply the correlation between two values of the same variable at times X i and X i+k .
Autocorrelogram of the mean temperature series
Autocorrelation plots (autocorrelograms), of the mean temperature series of the civilian airport stations were analysed (Figure 8 ). The series of each station indicate non-randomness, implying that there is some kind of periodic or cyclic component involved in the series. 
Spectral analysis
Spectral analysis is a common method for exploring cyclical patterns of data. The purpose is to decompose a complex time series with cyclical components into a few underlying sinusoidal (sine and cosine) functions of particular wavelengths (Bloomfield, 2000; Duchon and Hale, 2012) . Any time series can be expressed as a combination of cosine (or sine) waves with differing periods and amplitudes, which helps to examine the periodic (cyclical) behaviour in a time series. The cyclical structure in the frequency domain can be examined through a graphical technique called spectral plot or periodogram (Von Storch and Zwiers, 1999) . A periodogram helps to identify the dominant periods (or frequencies) of a time series. Its values can be interpreted in terms of variance of the data at the respective frequency or period. This can be a helpful tool for identifying the dominant cyclical behaviour in a series, particularly when the cycles are not related to seasonality.
Spectral plots are often used to find a starting value for the frequency, ω in the sinusoidal model:
where α is the amplitude, ω is the frequency (between 0 and .5 cycles per observation), and Ø is the phase that can be fit by nonlinear least squares. The periodograms can be plotted based on frequency and period domains. The period (T) is the number of time periods required to complete a single cycle of the cosine function. The frequency is ω = 1 / T. It is the fraction of the complete cycle that's completed in a single time period. A frequency of 0 corresponds to an infinite cycle while a frequency of 0.5 corresponds to a cycle of 2 data points.
Underlying periodicities can be explored by examining the spectral densities, that is, the frequency regions, consisting of many adjacent frequencies that contribute most to the overall periodic behaviour of the series. The spectral density estimates are obtained by smoothing the periodogram values with a weighted moving average. In our analysis we used the Tukey window weighted moving average transformation method to smooth the periodogram values (Blackman and Tukey, 1958) . More detailed information about the spectral analysis and its application in atmospheric sciences can be found in Wilks (2006) .
Periodogram analysis of the mean monthly temperatures
The monthly mean temperature series were subjected to the spectral analysis, and their periodograms were plotted both at frequency and period domain for the each station ( Figure 9 ). The resulting values are summarised in Table 4 . It is easily observable that almost all the stations indicated 12-month of a periodic oscillation in their monthly temperature series. The oscillation reflects summer and winter seasonal variations in the monthly temperatures with peaks at six-month. 
Periodogram analysis of the annual mean temperatures
The spectral plots of the annual mean temperatures were analysed in this part of the study to explore any periodic and cyclic components. The duration of the annual series limit application to some extent as the cyclic or periodic components may not be noticeable with short duration data. In our analysis, the station series indicated periodic components varying between four to 16 years ( Figure 10 ). The time series analysis of the temperature series (included autocorrelation and spectral analysis) indicated non-randomness (periodicity with sinusoidal component). The periodogram analysis indicated 12-month periodicity (varying seasonally) with monthly series and 4-16 years of periodicity with the annual series (Table 9 ). There is a single dominant peak at approximately 12-month, reflecting seasonal behaviour of the temperature variations. That means there is an underlying single-cycle sinusoidal model, which will allow better modelling of the temperature series. The annual series, on the other hand, are marked with strong non-sinusoidal signals for some frequency characterised by peak in the periodogram. 
Results
This study provides an investigation of the temporal variability of the monthly mean temperature series of the UAE with respect to trends and periodicities to draw some conclusion about climate trends in the country. The study highlights a number of key observations about the temporal behaviour of the temperature series. Two distinct periods of temperature change are identified in the series. First is the period from 1975 to 1990 when the annual mean temperatures did not indicate any significant trends. The period after the 1990s is distinctly characterised with increasing trends in the temperatures in all the stations. The temperature anomalies in the UAE indicated positive trends after mid 1990s. All the stations indicated increasing trends in mean temperatures, except the Al Ain station which indicated cooling temperature trends in the last three decades. The increasing trends in Fujairah's temperatures were also not significant. An analysis of the average values of the periods covering six to ten years in the series indicates that there is a marked jump in the mean temperatures especially in the Abu Dhabi, Sharjah, Dubai, and Ras'al Khaima stations. On the other hand, Fujairah station is characterised by sudden drops in the mean period temperatures.
The time series analysis of the temperature series (included autocorrelation and spectral analysis) indicated non-randomness (periodicity with sinusoidal component). The periodogram analysis indicated 12-month periodicity (varying seasonally) with the monthly series and 4-16 years of periodicity with the annual series. There is a single dominant peak at approximately 12-month, reflecting seasonal variability of the temperatures. That means that there is an underlying single-cycle sinusoidal model, which will allow better modelling of the temperature series. The annual series, on the other hand, are marked with strong non-sinusoidal signals characterised by peak in the periodogram at that frequency and at some multiples frequencies.
Conclusions
It is possible to conclude that most of the airport stations are characterised by warming trends, especially in the last two decades. Moreover, the time series analysis indicates periodic components where the annual mean temperatures vary seasonally on a monthly basis and at short periods on an annual basis. The 6-month variations and 12-month periodic peaks signal the presence of seasonal (winter-summer) changes in the temperature series. On the other hand, the annual series indicate short periodic components, varying from 4 to 16 years. The 16-year cycles are more pronounced in the stations with short duration data while the smaller cycles are peculiar to the longer durations where the temperature series are characterised with short duration cyclic components with respect to temperature fluctuations with increasing frequency.
Understanding the frequency and magnitude of the changes in climatic parameters and investigating the potential consequences they present can improve societal resilience. In a changing climate it is highly valuable to understand current trends in temperatures in order to put potential future changes in context. In this regard, the study presented here can establish some foundation for future plans to systematically address the UAE's present and projected future weather and climate, and the associated impacts. However, one may argue that data length for the temperature series is not long enough to derive a well-defined conclusion about climate change in the UAE. Still, the study provides some insight and background into warming trends of the temperature data of the country and contributes to the climate change arguments. It is interesting to see that the warming period coincides with the era of high economic development and urbanisation in the country which began in the mid 1980s. It is our view that the urbanisation and industrialisation that occurred in the last four decades in the country have some responsibility in the warming trends. A cumulative warming of 2.77°C in Dubai over the last three decade is a good sign of impact of the urbanisation. It would be worthwhile to study their impacts on the temperature trends and investigate if the rising temperature trends are related to urbanisation effects or regional-scale warming in relation to circulation patterns.
